Abstract: A 4-D PE model is developed to study broadband sound propagation at the Atlantic Generating Station (AGS) site where the sediment consists of multiple layers which vary in botb range and azimuth. Both the measured data and the numerjcaI simulations have shown that the broadband acoustic signal propagation in shallow water regions is extremely sensitive to their center frequency and bandwidth, and strongly dependent on the environmental parameters which are azimuthal dependent. The effects of 3-D coupling term compared to N by 2-D are found to be negligible.
INTRODUCTION
Broadband acoustic propagations in shallow water regions are strongly affected by the sea-surface, seafloor and the water column sound-speed structures. .411of these environmental parameters are functions of depth, horizontal range and azimuth. Therefore, the acoustic signals that propagate through the inhomogeneous media usually have characteristic 3-D dependence. This has been clearly observed in a recent shallow water experiment at the the Atlantic Generating Station (AGS) site', where the ocean sediment consists of multiple layers varying both in range and azimuth. It is believed that the layered sediment acts like a bandpms filter in which broadband acoustic energy is selectively broken into narrow band components propagating in different layers, usually referred to as the sediment mode trapping. A 4-D (3-D time domain) full-wave PE model is developed to study the details of range, azimuth, frequency and bandwidth dependence of acoustic signals m well as their relationships to the sediment layered structure or that of the water column effects. .4n empirical orthogonal function representation rnethodz is employed to transfer the geoacoustic parameters of the sediment core data into PE inputs. The importance of the 3-D effects is examined by comparing the numerical results of azimuthally coupled and uncoupled models.
3-D MODELING
AND AZIMUTHAL DEPENDENCE ,4zimuthal dependence of the environmental parameters affect the acoustic wave propagation. The fully 3-D propagation refers to azimuthal coupling, in which acoustic propagation in one vertical plane of constant azimuth may be coupled to that of another plane. An alternative case is with azimuthal refraction only, in which azimuthal variation occur but the coupling is suppressed, that is so-called N by 2-D. PE models of both methods are used to simulate acoustic propagation at, the AGS sitel. Here the waveguide depth varied from 10 to 14 m overlaying a sandy sediment bottom interlaced with silty-clay layers. .411airgun source was repeatedly fired at eight different bearings along a circle. A fixed vertical hydrophore array at the center W= used to receive the signals while the sound-speed in the water column remained unchanged during the experiment which wm conducted with flat sea-surface conditions'. The configuration of the experiment as 13 411~xan,ple of t~le Sediment structure in this region is shown in well w more data are shown elsewhere ' . . Using the measured water column sound-speed, bathmetry and sediment properties inputs, 3-D PE simulations of Cllr sound propagation is carried for a single frequency source located at 5 m water depth. Figure 1 shows the acoustic wave fields represented in transmission loss (TL = -10loglOlp(r, Z)12 dB) of the vertical section up to horizontal a range of 600 m along four different, paths(i.e. tracks 1, 3, 5, and 6). The grey scale is chosen such that dark represents high acoustic intensity. The propagation patterns in the water column as well as those penetrated energy in the sediment are obviously different due to the fact that the four tracks has distinguished sediment structures. Numerical studies have dso shown that, among all the aforementioned sediment properties, the compressional sound-speed structures play dominant roles. Because the propagation area is relatively flat, the effects of bottom bathmetry are small and negligible. In Figure 2 , the frequency dependency of modes is presented, where the receiver is fixed in the water column at 5 m beiow the seasurface and the bandwidth is 300 Hz. When the center frequency changes from 200 Hz to 1000 Hz, the amplitude of the arrivals change significantly. This is because for each track, depending on the sound speed profile, the energy of a particular mode can get trapped in a layer of sediment and may not be observed in the water column. This figure shows very similar features to the measurement results where frequency depende]lt patterns are shown to be different for each track.
DISCUSSIONS
It is clearly shown that broadband signals are strongly azimuthal dependent and that a 3-D model is useful. However, the numerical results from 3-D (coupled azimuth) simulations and that of N x 2-D simulations arc very similar, i.e., the contribution from out of plane scattering is small. Nevertheless, modeling the shallow water environments by a 4-D PE can be advantageous in that it provides another dimension to our analysis capabilities.
